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Abstract of JP4142740 

PURPOSE:To obtain a contact hole, which is 
superior in the accuracy of the form of the gole 
and has a stability as a technique for mass 
production, by a method wherein a layer 
insulating film on the side of the upper layer is 
made of a material whose etching rate is faster 
than that of a layer insulating film on the side 
of the lower layer, and then, an etching mask 
is formed on the layer insulating film on the 
side of the upper layer and an etching is 
performed. CONSTITUTIONS first SiN film 13 
is formed on a substrate 1 1 as a layer 
insulating film, which is applied on a wiring 12, 
on the side of the lower layer of an interlayer 
insulating film. Subsequently, a second SiN 
film 14 is similarly formed on the film 13 as a 
layer insulating film on the side of the upper 
layer. The film formation of the film 14 is 
conducted with a mixed gas increased the 
mixing ratio of NH3, which occupies in the 
mixed gas, to two to five times to the film- 
forming conditions of the film 13, whereby the 
etching rate in the film 14 is increased by 50 
by 100% or thereabouts compared to that in 
the film 13. By such a way, the layer insulating 
film 1 5 is formed of the film 13, whose etching 
rate is slower, and the film 14, whose etching 
rate is faster. 
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Specification 

1. Title of the Invention: 

METHOD FOR FORMING CONTACT HOLE 

25 2. Scope of Claims 

A method for forming a contact hole in which an interlayer insulating film 
covering a wiring disposed on a substrate is formed and then a contact hole is formed in 
the interlayer insulating film by forming an etching mask on the interlayer insulating 
film and etching is characterized in that, when the interlayer insulating film is formed, a 

30 lower layer of the interlayer insulating film is formed; an upper layer of the interlayer 
insulating film is subsequently formed of a material which makes an etching rate of the 
upper layer of the interlayer insulating film higher than that of the lower layer of the 
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interlaycr insulating film; and then the etching mask is formed on the interlayer 
insulating film on the upper layer side to perform etching, and accordingly the contact 
hole is formed in the interlayer insulating film. 
3. Detailed Description of the Invention 
5 [Field of Industrial Application] 

The present invention relates to a method for forming a contact hole in a 
method for manufacturing a semiconductor device. 
[Prior Art] 

A silicon nitride (SiN) film having a function of blocking entry of an alkali 
10 metal ion such as a potassium ion (K + ) or a sodium ion (Na + ) is used for an interlayer 
insulating film for protecting a wiring disposed in a semiconductor device. 

When this SiN film is etched with a reactive ion etching (RIE) system, the 
selection ratio to a resist film becomes extremely high. Therefore, as illustrated in FIG. 
2, in a contact hole 34 formed in an interlayer insulating film 33 covering a wiring 32 
15 on a substrate 31, an edge portion 34a of the contact hole 34 becomes acute-angle 
shaped and an inner-side wall 34b of the contact hole 34 becomes percipitous. 

When an aluminum-based metal film 35 to serve as a wiring layer is formed 
with an evaporation system on the interlayer insulating film 33 including this contact 
hole 34, the edge portion 34a of the contact hole 34 cannot be covered. Consequently, 
20 although the wiring is formed of this aluminum-based metal film 35, the wiring is 
disconnected at the edge portion 34a. 

Conventional methods for removing the above problem of disconnection will 
be hereinafter described. 

First, a first method will be described with reference to a manufacturing 
25 process diagram illustrated in FIGS. 3(1) to 3(4). 

As illustrated in FIG 3(1), an interlayer insulating film 42 formed on a 
substrate 41 is covered with a resist film 43 to serve as an etching mask, and then an 
opening 44 is formed on a contact hole formation region by a photolithography 
technique. 

30 Subsequently, as illustrated in FIG. 3(2), so-called resist reflow is performed as 

heat treatment, so that inner-side wall 44a of the opening 44 is made to have a taper 
shape by utilizing the fluid of the resist film 43. 
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Thereafter, as illustrated in FIG. 3(3), the interlayer insulating film 42 is etched 
with an RIE system from the opening 44, so that a contact hole 45 is formed in the 
interlayer insulating film 42. At this time, the resist film 43 is etched by isotropic 
etching. Therefore, the diameter of the opening 44 becomes larger as etching proceeds, 
5 so that an inner-side wall 45a of the contact hole 45 has a taper shape with a slope. 

Then, the resist film 43 is removed by ashing removal or the like, and the 
taper-shaped contact hole 45 is obtained in the interlayer insulating film 42 as illustrated 
in FIG 3(4). 

Next, a second method will be described with reference to a manufacturing 
10 process diagram illustrated in FIGS. 4(1) to 4(4). 

As illustrated in FIG 4(1), as with the way described above with reference to 
FIG3(1), a resist is applied onto an interlayer insulating film 52 formed on a substrate 
51, so that the interlayer insulating film 52 is covered with a resist film 53. Next, an 
opening 54 is formed in the resist film 53 on a contact hole formation region by a 
15 photolithography technique. 

Thereafter, as illustrated in FIG 4(2), the resist film 53 is used as an etching 
mask, and the interlayer insulating film 52 is etched by isotropic etching with, for 
example, an RIE system under the etching condition where the etching rate of the resist 
film 53 and that of the interlayer insulating film 52 almost correspond to each other. 
20 Then, as illustrated in FIG 4(3), a taper-shaped contact hole 55 of which an 

inner-side wall 55a has a slope is formed in the interlayer insulating film 52. 

Next, the resist film 53 is removed, and the taper-shaped contact hole 55 is 
obtained in the interlayer insulating film 52 as illustrated in FIG 5(4). 
[Problem to be Solved by the Invention] 
25 However, in the first method described above, since the taper-shaped opening 

is formed in such a manner that the opening formed in the resist film is made fluid by 
heat treatment, the shape accuracy of the opening is lowered. Accordingly, the shape 
accuracy of the contact hole is also lowered. 

On the other hand, in the second method, setting of an etching condition is 
30 difficult, so that a taper shape of the contact hole is irregular. Therefore, the edge 
portion of the contact hole becomes precipitous and forming a wiring layer over the 
contact hole causes a disconnection. In addition, the shape accuracy of the contact 
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hole is lowered in a similar manner as described above. 

Consequently, the above conventional methods have been unstable as a mass 
production technique. 

The present invention has been made in order to solve the above problems, and 
it is an object of the present invention to provide a method for forming a contact hole 
which is excellent in the shape accuracy of the contact hole and stable as a mass 
production technique. 
[Means to Solve the Problem] 

The present invention has been made in order to solve the above object. As a 
method for forming a contact hole, when an interlayer insulating film covering a wiring 
disposed on a substrate is formed, an upper layer of the interlayer insulating film is 
formed of a material which makes an etching rate of the upper layer of the interlayer 
insulating film higher than that of a lower layer thereof; thereafter, an etching mask is 
formed; subsequently, the interlayer insulating film is etched; and a contact hole is 
formed. 
[Operation] 

In the above method for forming a contact hole, when an interlayer insulating 
film is formed, an upper layer of the interlayer insulating film is formed of a material 
which makes an etching rate of the upper layer higher of the interlayer insulating film 
than that of a lower layer thereof, so that the upper layer of the interlayer insulating film 
is etched at a higher etching rate than that of the lower layer thereof as etching proceeds. 
Consequently, the contact hole formed through etching becomes taper-shaped. 
[Embodiment] 

In a method for forming a contact hole of the present invention, interlayer 
insulating films having various etching rates are formed by a chemical vapor deposition 
(CVD) method or the like by changing the film formation condition of the interlayer 
insulating film such as a silicon nitride (SiN) film, and a taper-shaped contact hole is 
formed in the interlayer insulating film through the following etching. 

An embodiment of this formation method will be described in detail with 
reference to a manufacturing process diagram illustrated in FIGS. 1(1) to 1(6). 

As illustrated in FIG. 1(1), a wiring 12 is disposed on a substrate 11 by a 
conventional technique. 
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Next, as illustrated in FIG. 1(2), a first SiN film 13 is formed on the substrate 11 
as a lower layer of an interlayer insulating film covering the wiring 12, with a CVD 
apparatus such as a parallel plate plasma CVD apparatus. As an example, the film 
formation condition of the SiN film 13 at this time is that a mixed gas of which mixture 
5 ratio of monosilane (SiH 4 ) to ammonia (NH3) satisfies 1:1 is used and RF power is 
SOW. 

Subsequently, as illustrated in FIG. 1(3), a second SiN film 14 is formed on the 
first SiN film 13 as an upper layer of the interlayer insulating film in a similar manner 
as described above. As a material gas in this case, for example, a mixed gas of which 
10 mixture ratio of monosilane (SiFU) to ammonia (NH3) satisfies 1:3 is used. 

It is generally known that, in the case where an SiN film is formed by a CVD 
method by using a mixed gas of SiH 4 and NH3 as a material gas, increase in mixture 
ratio of NH3 contained in the mixed gas makes the etching rate of the formed SiN film 
higher. 

15 Therefore, the formed second SiN film 14 is an SiN film having a higher 

etching rate than the first SiN film 13. 

For example, in contrast to the film formation condition of the SiN film 13 
described with reference to FIG 1(2), the second SiN film 14 is formed using a mixed 
gas of which the mixture ratio of NH 3 is increased to two to five times, so that the 
20 etching rate of the second SiN film 14 becomes higher by approximately 50 to 100 % 
than that of the first SiN film 13. 

In this manner, an interlayer insulating film 15 including the first SiN film 13 
having a low etching rate and the second SiN film 14 having a high etching rate is 
formed. 

25 In addition, in order to change the etching rate of an SiN film, oxidized 

nitrogen (e.g., N2O) or oxgen (O) is added to a mixed gas of SiH^ and NH3 as a material 
gas, so that the etching rate of the formed SiN film can also be changed in a similar way 
as described above. 

Next, as illustrated in FIG1(4), a resist is applied onto the second SiN film 14, 
30 so that a resist film 16 is formed, and then an opening 17 is formed in the resist film 16 
by a photolithography technique. 

Subsequently, the first and second SiN films 13 and 14 are etched by isotropic 
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etching with, for example, an RIE system as an etching system by using the resist film 
16 as an etching mask. Further, although dry etching with an RIE system is employed 
in the above embodiment, wet etching can also be employed. Then, as illustrated in 
FIG. 1(5), a contact hole 18 is formed in the first and second SiN films 13 and 14. This 
contact hole 18 becomes taper-shaped due to the high etching rate of the second SiN 
film 14 and the low etching rate of the first SiN film 13. 

Next, the resist film 16 is removed by ashing treatment, for example. Then, 
as illustrated in FIG. 1(6), the taper-shaped contact hole 18 exposing part of the upper 
surface of the wiring 12 is formed in the first and second SiN films 13 and 14. When a 
wiring layer (not illustrated) is formed over the second SiN film 14 through this contact 
hole 18, an edge portion 18a of the contact hole 18 becomes obtuse-angle shaped, so 
that a disconnection of a wiring layer is prevented. 

Although the interlayer insulating film is formed of two SiN films having 
different etching rates in above-described Embodiment, this interlayer insulating film 
may be formed of three or more SiN films having different etching rates so that an 
etching rate is higher toward the SiN film on the side of the upper layer. Further, as 
kinds of films having different etching rates, a silicon oxide film may be formed on the 
side of the lower layer and the silicon nitride film may be formed on the side of the 
upper layer, for example. Alternatively, when the SiN film is formed with a CVD 
apparatus, it may be formed of an SiN film of which the etching rate gradually becomes 
higher from the lower side to the upper side in such a manner that the mixture ratio of 
NH3 contained in a mixed gas is gradually changed. In a similar manner as described 
above, a taper-shaped contact hole can also be formed in the interlayer insulating film 
formed by these methods. 
[Effect of the Invention] 

According to the present invention described so far, an upper layer of an 
interlayer insulating layer is formed of a material which makes an etching rate of the 
upper layer of the interlayer insulating layer higher than that of a lower layer thereof. 
Since an etching rate is determined by an interlayer insulating film in this manner, an 
etching condition need not to be set with a high degree of accuracy. Moreover, a 
formed contact hole, of which an edge portion is almost obtuse-angle shaped, has a 
taper shape which is excellent in shape accuracy. Consequently, the shape accuracy of 
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the contact hole becomes stable and disconnection of a wiring layer in the edge portion 
of the contact hole can be reduced. 
4. Brief Description of the Drawings 

FIG. 1 is a manufacturing process diagram of Embodiment. 

FIG. 2 is an explanation view of problems in conventional methods. 

FIG. 3 is a manufacturing process diagram of an example of a first conventional 
manufacturing method. 

FIG 4 is a manufacturing process diagram of an example of a second 
conventional manufacturing method. 

11: substrate, 12: wiring, 13: first SiN film, 14: second SiN film, 15: interlayer 
insulating film, 16: resist film, 17: opening, 18: contact hole. 

Patent Applicant: OKI ELECTRIC INDUSTRY CO., LTD 
Agent: Patent Attorney, Kuninori HUNABASHI 
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